(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
14 December 2000 (14.12.2000) 



1M 



PCT 



(10) International Publication Number 

WO 00/75517 Al 



(51) International Patent Classification 7 : F04C 18/336 

(21) International Application Number: PCT/GBOO/02 1 50 

(22) International Filing Date: 2 June 2000 (02.06.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

9913438.9 9 June 1999 (09.06.1999) GB 

(71) Applicant (for all designated States except US): IMPE- 
RIAL COLLEGE OF SCIENCE, TECHNOLOGY 
AND MEDICINE [GB/GB]; Exhibition Road, London 
SW7 2AZ (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): OLVER, Andrew, 
Vernon [GB/GB]; 33 Watlington Street, Reading RG1 
4RF (GB). CONTALDI, Giulio, Francesco [IT/GB]; 129 
Chiltern Court, Baker Street, London NW1 5SH (GB). 



(74) Agent: ROBINSON, Nigel, Alexander, Julian; D. Young 
& Co., 21 New Fetter Lane, London EC4A IDA (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, PL, PT, RO, RU, SD. SE, SG, SI, SK, SL, TJ, TM, TR, 
IT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
O, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: A ROTARY PUMP 




(57) Abstract: A rotary pump for pumping compressible fluid comprising an eccentrically mounted rotor (20) and a stator (10). 
The stator (10) comprises a stator inner liner (80) that is free to rotate, driven directly or in response to rotation of the rotor (20) such 
that the relative velocity between the outer surface of the rotor (20) and the inner surface of the stator (10) is reduced. The vanes (40) 
are held at each end by sockets (90, 95) in the rotor (20) and stator (10). The vane (40) and socket (90, 95) coupling provides fluid 
sealing without liquid lubricant. Opposing solid lubricant and hard surfaces are used on contact surfaces between the elements. 
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A Rotarv Pump 
This invention relates to rotary pumps. 

Rotary pumps are known devices that are used in a wide range of applications 
to pump fluids from one place to another and to compress them. A known rotary pump 
5 is shown in Figure 1 of the accompanying drawings. This pump comprises a stator 10 
and a rotor 20, the rotor being eccentrically mounted within the stator. The rotor 
comprises a main body 30 with vanes 40 extending from the main body. The vanes are 
slideably mounted on the rotor main body such that they can be pushed back into the 
main body against an outward bias. When the rotor is eccentrically mounted within the 

10 stator as shown in Figure 1, the vanes extend out from the rotor and contact the inner 
surface of the stator. Due to the eccentric mounting of the rotor the radial extension of 
each vane varies with angular displacement around the rotor main body. 

In operation, rotation of the rotor causes the vanes to sweep along the inner 
surface of the stator and be pushed back into the rotor main body for the part of the 

1 5 revolution where the rotor main body approaches closer to the stator. The vanes, outer 
rotor surface and stator surface define cavities within the pump. The fluid, for 
example air. to be pumped enters the pump at the. fluid inlet 50. The fluid inlet is 
located at a point where the rotor is far from the stator, the vanes are extended and the 
cavity into which the fluid flows is relatively large. As the rotor rotates the vanes 

20 defining the input cavity are pushed into the main rotor body and thus the size of the 
cavity decreases and the fluid is compressed. The fluid outlet 60 is located at a 
position where the rotor is close to the stator and the vanes are close to or at their 
minimum extension, thus the cavity is reduced in size and compressed fluid flows out 
of the fluid outlet. An inlet 70 is provided for adding a lubricating fluid such as oil. 

25 In order to prevent fluid leaking from one cavity of the pump to the next, the 

rotor vanes and stator inner liner must provide a seal. This means that the contact 
between the stator inner liner and rotor vanes must be good and therefore friction 
between these surfaces tends to be high. A high friction contact between the surfaces 
results in the rotor being difficult to turn and to wear of the contact surfaces. One way 

30 of addressing this problem is to provide lubrication of the surfaces. This can be done 
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by injecting large quantities of a liquid lubricant such as oil into the pump. A 
disadvantage of this approach is that the oil mixes with the fluid as it is compressed by 
the pump, with several undesirable consequences. The fluid and oil mixture must be 
separated downstream of the rotary pump, which is an expensive process, the pump 
5 must be continually re-lubricated, and pumping the oil in addition to the fluid results in 
a loss of efficiency. 

Oil-free pumps have been provided by coating the moving parts of the pump 
with a solid lubricant. However, this coating wears away rapidly, producing debris and 
the need for frequent servicing and replacement. 

10 Page 40 of "Pneumatic Handbook, by A. Barber, 7th edition, discloses a vaned 

compressor which has a plurality of floating or restraining rings placed over each vane. 
The rings rotate with the vanes and maintain a minimum clearance between the vane 
tips and the casing wall. The rings rotate at a constant speed, whereas the vanes speed 
varies with extension, so there is some relative "rolling motion" between vanes and 

15 rings. A similar arrangement is disclosed in "L/air comprime, by J. Lefevre, editeurs 
Paris, pages 3 1 7-3 18'*. An orbital vane compressor is produced by Dynew Corporation 
which comprises a bearing mounted within the stator which allows the blades to 
extend only to a desired amount thereby keeping a clearance with the stator wall. 

A further type of compressor is that produced by Robert Groll in co-operation 

20 with the company Rotary Compression Systems. This pump has sockets housing 
sliding vanes within the eccentrically mounted rotor. 

Further examples of other known rotary pumps are shown in British Patents 
GB-A-2,322,913, GB-A-2,140,089, GB-A-2,140,088, GB-A-809,220, GB-A-728,269. 
GB-A-646,407, GB-A-50 1,693 and United States Patent US-A-4,648,819. 

25 In accordance with the present invention there is provided a rotary pump 

comprising: 

a fluid inlet and a fluid outlet; 

a stator comprising a main body and an inner liner rotatably mounted within the 
main body; 

30 a rotor comprising a main body eccentrically mounted within the stator; 
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vanes extending from the rotor towards an inner surface of the stator inner 
liner, the stator inner liner, vanes and outer rotor surface defining pump cavities; 
wherein 

the stator inner liner is operable to rotate when the rotor rotates, such that the 
5 relative velocity between the vanes and the inner surface of the stator is reduced; 

the vanes are each mounted such that they are received by and extend between 
a rotor fixing and a stator inner liner fixing, the rotor fixings and stator inner liner 
fixings being mounted within the rotor and stator inner liner respectively such that the 
angle of the vanes to the rotor can vary with rotation of the rotor; and 
10 the rotor fixings and the stator inner liner fixings provide fluid sealing between 

said pump cavities for normal operation without liquid lubricant. 

The device of the present invention alleviates the disadvantages of the prior art 
by providing a stator inner liner that rotates together with the rotor, thereby reducing 
the relative velocity between the rotor and stator. This leads to lower sliding speeds 
1 5 and milder contact conditions between the rotor and stator. Thus, the rate of wear of 
the contact surfaces is reduced. Furthermore, this reduced motion allows the vanes to 
be held within fixings (such as sockets or bonded bushings) in a manner that allows 
fluid sealing between cavities without the need for liquid lubricants. 

Mounting of the vanes in sockets, results in an improved fluid seal between 
20 neighbouring pump cavities which gives reduced leakage of pumped fluid between 
pump cavities. Furthermore, the mounting of the vanes in sockets such that the angle 
of the vanes to the rotor can vary means that there is no oscillating motion between 
contact surfaces of the vane tips and stator inner liner with the associated problems of 
frictional losses and wear of the two surfaces. 
25 Advantageously, the rotor sockets and the stator inner liner socket are rotatable 

about an axis aligned with their geometric centres and parallel with the axis of rotation 
of the rotor. In preferred embodiments, the angle of the vanes oscillates about a central 
position with rotation of the rotor, the central position being preferably with the vanes 
extending radially outwardly from the rotor. 
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This is a convenient arrangement that enables the vane angle to change while 
the rotor rotates while providing a good seal between neighbouring pump cavities and 
reduced frictional wear. 

In some embodiments, the vanes are slideably mounted within the rotor socket 
5 and are fixedly mounted within the stator inner liner socket. 

Although the vanes can be slideably mounted within the socket of the stator 
inner liner it is preferable that they are slideably mounted within the rotor, as the size 
of this rotor socket is not restricted by the width of the stator inner liner which is 
generally quite thin. In order to ensure that the vanes extend to the stator inner liner 
10 socket and provide a good fluid seal between cavities, they are fixedly mounted within 
the stator inner liner. 

Preferably, the contact surfaces between the sockets, the rotor and stator inner 
liner and the vanes are provided with opposing solid lubricant and hard surfaces. 

Preferably, the solid lubricant surface may be PTFE and the hard surface may 
15 be one of steel coated with diamond like coatings, tungsten carbide, graphite and 
molybdenum disulphide. 

The rotor, stator inner liner and vanes may be hard coated steel and the sockets 
may be solid lubricant in the form of PTFE, pure or reinforced with coated glass, 
bronze, molybdenum disulphide or graphite. 
20 Ball bearings may be mounted between the stator and stator inner liner. In this 

way, the stator inner liner is held in position away from the stator and frictional forces 
inhibiting rotation are reduced. 

Embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying drawings, in which: 
25 Figure 1 illustrates a known rotary pump; 

Figure 2 illustrates a rotary pump having a rotating stator inner liner; 

Figure 3 illustrates a rotary pump having rotor and stator socket; and 

Figure 4 illustrates the rotor and stator sockets of another embodiment in more 

detail.. 

30 With reference to Figure 2. a rotary pump illustrating the principle of the 

rotating stator inner liner is illustrated. This pump comprises a stator 10, a rotor 20 
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with rotor main body 30 and vanes 40, a fluid inlet 50 and outlet 60 and a stator inner 
liner 80 is shown. The pump differs from the pump shown in Figure 1 in that it 
additionally comprises a stator inner liner 80. The stator inner liner 80 is mounted 
within the main stator body 10 and is free to rotate. The vanes 40 of the rotor 20 
5 contact the stator inner liner 80 rather than the stator main body 10. 

As the rotor turns the vanes 40 sweep along the surface of the stator inner liner 
80. The vanes 40 exert a rotational torque on the stator inner liner 80, which is 
mounted such that it is free to rotate, and this causes it to rotate. The dimensions of the 
stator inner liner 80 are such that there is a gap between the stator main body 10 and 

10 the stator inner liner 80. A bearing can be provided between the stator main body 10 
and the stator inner liner 80 by ball bearings mounted between the stator main body 10 
and stator inner liner 80. In some embodiments, the force of the vanes 40 on the stator 
inner liner 80, is used to cause it to rotate. In other embodiments the statpr inner liner 
80 is driven by the rotor shaft, possibly using bellows directly attached to the rotor 

15 shaft. The resulting relative velocity between the vanes 40 of the rotor 20 and stator 
inner liner 80 is thus much lower than would be the case for a static stator inner liner. 

It should be noted that due to the eccentric mounting of the rotor main body 30, 
the velocity of the rotor vanes 40 varies with their radius around the circumference. 
The stator inner liner 80 rotates about its centre point and as such does not have a 

20 velocity that varies with angular position. Thus there is a small oscillating motion of 
the vane tips on the rotating stator inner liner 80. The contact surfaces of the rotor 20 
and stator inner liner 80 are, preferably, coated with solid lubricants to reduce frictional 
forces arising due to this oscillating motion. In some embodiments, the stator inner 
liner 80 is coated with a solid lubricant coating in the form of a PTFE composite 

25 (polytetrafluoroethylene) as is the inner surface of the stator main body 10. The rotor 
vanes 40 have a hard tungsten carbide coating, preferably bound to a steel substrate. 
Alternatively, the hard tungsten carbide coating may be bound to a multilayered 
structure consisting of titanium nitride/carbide or a diamond (diamond-like), graphite 
or molybdenum disulphide coating. 

30 In operation, compressible fluid enters a chamber of the pump at fluid inlet 50. 

As the rotor rotates, this chamber moves out of fluid connection with fluid inlet 50 and 
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a subsequent chamber connects with the fluid inlet 50. Due to the eccentric mounting 
of the rotor main body 30 and the position of the fluid inlet 50, as the rotor main body 
30 rotates away from the fluid inlet 50 its outer circumference becomes closer to the 
stator inner liner 80 and the slideably mounted vanes 40 which are biased to extend 
5 from the rotor main body 30, are pushed back into the rotor main body 30. This 
decreases the size of the chamber containing the fluid and it is compressed. The 
chamber moves on to connect with the fluid outlet 60 and the compressed fluid exits 
the pump through this outlet. The rotor main body 30 is close to the stator 10 at the 
fluid outlet 60 so that the chamber is small at this position and fluid is pushed from the 
10 pump. 

Figure 3 illustrates an embodiment of the invention in which like parts to 
Figures 1 and 2 bear the same numerical designations (and shaped areas correspond to 
reinforced PTFE). This embodiment differs from the embodiment of Figure 2 in that 
the vanes 40 are slideably mounted within rotatable sockets 90 in the rotor main body 

15 30 and extend to rotatable sockets 95 within the stator inner liner 80 in which they are 
fixedly mounted. On rotation of the rotor 20 and stator inner liner 80, the variation of 
the velocity of the outer tips of the rotor vanes 40 arising due to the eccentric mounting 
of the rotor main body 30 causes the sockets 90, 95 to oscillate about their central 
position and the angle of the vanes 40 to oscillate about a central perpendicular 

20 position. This is illustrated in Figure 3. wherein the angle of the vanes 40 varies to 
compensate for the variation in velocity of the outer vane tips with rotation. Thus, in 
this embodiment the mounting of the vanes 40 in sockets 90, 95 with resulting change 
in angle of the rotor vanes 40 means that there is no oscillating motion between contact 
surfaces of the vane tips and stator inner liner 80 with associated problems of wear of 

25 the two surfaces. In this arrangement the contact areas within the rotating sockets are 
over a larger area than with the blade tip on the inner stator liner 80, and thus the 
forces exerted and wear rates are correspondingly reduced. Furthermore, this 
arrangement leads to a better seal between neighbouring pump cavities with reduced 
leakage of pumped fluid and without the need for liquid lubricant. 

30 The vanes 40 are generally fixedly mounted within the stator inner liner socket 

95 and free to slide in the rotor socket 90 without any bias. This may be done by 
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brazing a rod onto the rotor blade tip and mounting this within the stator socket 95 or 
by machining the vane 40 and its cylindrical head from a solid piece. Alternatively, 
the vanes 40 may be slideably mounted within the rotor socket 90 with an outward 
bias, such that they extend into the stator inner liner socket 95 at all times. The contact 
5 surfaces of the sockets 90, 95 and receiving cavities within the rotor and stator inner 
liner may be coated with solid lubricants (such as PTFE against tungsten carbide) to 
reduce frictional forces and wear of the surfaces, as may the contact surfaces of the 
rotor vanes 40 and rotor socket 90. Figure 3 gives the dimensions of a preferred 
embodiment of the pump. 

10 Figure 4 illustrates another embodiment. In this embodiment there is a cylinder 

at the outer end of the vane 40 that is held within the stator socket 95. The vane 40 
slides within a slot within the rotor socket 90 as the rotor rotates. 

The vane 40 is steel coated in one of a diamond like coating, tungsten carbide, 
graphite or molybdenum disulphide. The rotor 20 and the stator inner liner 80 are steel 

1 5 with at least the portions contacting the rotor socket 90 and the stator inner liner socket 
95 being coated in the same way as the vane 40. The rotor socket 90 and the stator 
inner liner socket 95 are one of PTFE, pure or reinforced with glass., bronze, 
molybdenum disulphide or graphite. This arrangement provides opposing solid 
lubricant and hard surfaces throughout. 

20 As an alternative to the sockets 90, 95 providing the fixings at each end of the 

vanes, 40, one or both of these may be replaced with a bonded bushing containing a 
high temperature resistant elastomeric material such as nitrile synthetic rubber. This 
removes the need for dry lubricant materials at this location, but not at the sliding seal, 
the vane sides or the output valve. 
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CLAIMS 

1 . A rotary pump comprising: 

a fluid inlet and a fluid outlet; 

a stator comprising a main body and an inner liner rotatably mounted within the 
5 main body; 

a rotor comprising a main body eccentrically mounted within the stator; 

vanes extending from the rotor towards an inner surface of the stator inner 
liner, the stator inner liner, vanes and outer rotor surface defining pump cavities; 
wherein 

10 the stator inner liner is operable to rotate when the rotor rotates, such that the 

relative velocity between the vanes and the inner surface of the stator is reduced; 

the vanes are each mounted such that they are received by and extend between 
a rotor fixing and a stator inner liner fixing, the rotor fixings and stator inner liner 
fixings being mounted within the rotor and stator inner liner respectively such that the 
1 5 angle of the vanes to the rotor can vary with rotation of the rotor; and 

the rotor fixings and the stator inner liner fixings provide fluid sealing between 
said pump cavities for normal operation without liquid lubricant. 

2. A rotary pump according to claim 1, wherein the vanes are each mounted such 
20 that they are received by and extend between at least one of a rotor socket and a stator 

inner liner socket. 

3. A rotary pump according to claim 1. wherein said vanes and at least one of said 
rotor sockets and said stator inner liner sockets contact one another at respective 

25 contact surfaces, a first of said contact surfaces being a solid lubricant surface and a 
second of said contact surface being a hard surface so as to provide reduced friction 
fluid sealing contact without liquid lubricant. 

4. A rotary pump according to claim 3, wherein said solid lubricant surface is 
30 PTFE based. 
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5. A rotary pump according to any one of claims 3 and 4, wherein said hard 
surface is coated with one of a diamond like coating or a tungsten carbide, graphite or 
molybdenum disulphide coating. 

5 

6. A rotary pump according to claim 4, wherein at least one of said rotor sockets 
and said stator inner liner sockets is formed of PTFE pure or reinforced with one of 
glass, bronze, molybdenum disulphide and graphite. 

10 7. A rotary pump according to claim 5, wherein said vanes are formed of steel 
coated with one of a diamond like coating or a tungsten carbide, graphite or 
molybdenum disulphide coating. 

8. A rotary pump according to any one of the preceding claims, wherein at least 
15 one of said rotor sockets and said stator inner liner and a respective one of said rotor 

and said stator inner liner contact one another at respective contact surfaces, one of 
said contact surfaces being a solid lubricant surface and another of said contact 
surfaces being a hard surface so as to provide reduced friction fluid sealing contact 
without liquid lubricant. 

20 

9. A rotary pump according to claim 8, wherein said solid lubricant surface is 
PTFE based. 

10. A rotary pump according to any one of claims 8 and 9. wherein said hard 
25 surface is one of a diamond like coating or a tungsten carbide, graphite or molybdenum 

disulphide coating. 

11. A rotary pump according to claim 9, wherein at least one of said rotor sockets 
and said stator inner liner sockets is formed of PTFE reinforced with one of glass, 

30 bronze, molybdenum disulphide and graphite. 
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12. A rotary pump according to claim 10, wherein at least one of said rotor and said 
stator inner liner is formed of steel coated with one of a diamond like coating or a 
tungsten carbide, graphite or molybdenum disulphide coating. 

5 13. A rotary pump according to any one of the preceding claims, wherein the rotor 
sockets and the stator inner liner sockets are rotatable about an axis aligned with their 
geometric centre and parallel with the axis of rotation of the rotor. 

14. A rotary pump according to claim 13, wherein the angle of the vanes oscillates 
10 about a central position with rotation of the rotor. 

15. A rotary pump according to claim 14, wherein the central position is with the 
vanes extending radially outwardly from the rotor. 

15 16. A rotary pump according to any one of the preceding claims, wherein the vanes 
are slideably mounted within the rotor socket and are fixedly mounted within the stator 
inner liner socket. 

17. A rotary pump according to any of the preceding claims, wherein an outer 
20 radius of the stator inner liner is smaller than an inner radius of the main stator body. 

18. A rotary pump according to claim 16, further comprising ball bearings rotably 
mounted between the stator inner liner and stator main body. 

25 19. A rotary pump according to any of the preceding claims, wherein the rotor main 
body, stator and stator inner liner all have circular cross sections. 

20. A rotary pump according to claim 1, wherein at least one end of each vane is 
fixed by a bonded bushing. 

30 
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21. A rotary pump substantially hereinbefore described with reference to Figure 3 
or 4 of the accompanying drawings. 
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